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METHOD FOR READING RADIATION IMAGE 
FROM STIMULABLE PHOSPHOR SHEET 



FIELD OF THE INVENTION 

The present invention relates to a method for read- 
ing radiation image from a stimulable phosphor sheet in 
which a latent radiation image is contained, and an appa- 
ratus for the radiation image reading method. 

BACKGROUND OF THE INVENTION 

When a stimulable phosphor is exposed to a radiation 
such as X-ray, it absorbs and stores a portion of energy 
of the radiation. The stimulable phosphor then emits 
stimulated emission according to the level of the stored 
energy when the phosphor is exposed to stimulating light. 

A radiation image recording and reproducing method 
utilizing the stimulable phosphor has been widely em- 
ployed in practice. This method utilizes a stimulable 
phosphor sheet (also called, radiation image storage pan- 
el), and comprises the steps of causing the stimulable 
phosphor of the phosphor sheet to absorb radiation energy 
having passed through an object or having radiated from 
an object; sequentially exciting the stimulable phosphor 
with a stimulating light such as a laser beam to emit a 
stimulated emission; and photoelectrically collecting the 



stimulated emission to convert it into electric signals. 

The stimulable phosphor sheet thus processed is then 
subjected to a step for erasing radiation energy remain- 
ing therein, and then stored for performing the next 
image recording and reproducing procedure. Thus, the 
stimulable phosphor sheet can be repeatedly used. 

The stimulable phosphor sheet has a basic structure 
comprising a support and a stimulable phosphor layer pro- 
vided thereon. On the free surface (surface not facing 
the support) of the phosphor layer, a protective film is 
generally placed to keep the phosphor layer from chemical 
deterioration or physical damage. 

The stimulable phosphor layer generally comprises a 
binder and stimulable phosphor particles dispersed there- 
in, but it may consist of agglomerated phosphor without 
binder. The phosphor layer containing no binder can be 
formed by firing process. Further, the stimulable phos- 
phor layer can be produced by a gas phase deposition 
method. 

A modified process for reading the radiation image 
in the form of simulated emission is also proposed so as 
to shorten the time for reading, to downsize the appara- 
tus, and to reduce the production cost. In the proposed 
process, the radiation image is divided to form pixels on 
a photodetector (such as a two-dimensional solid image 
pickup device or a semiconductor line sensor) to obtain a 
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time-dependent series of image signals through an elec- 
tric circuit. Also known is an apparatus for performing 
a process comprising the steps of exposing a stimulable 
phosphor sheet to a stimulating light emitting from a 
5 light source (e.g., a fluorescent lamp) through a slit 
for linearly stimulating the phosphor sheet (that is, 
line stimulation) , and collecting the stimulated emission 
emitting from the phosphor sheet by a line sensor which 
is composed of a number of photoelectric converting ele- 

10 ments (that is, line detection) . The line sensor is 

employed under the condition that it would face the stim- 
ulating light-exposed area of the phosphor sheet. 

In the conventional procedure for reading the stimu- 
lated emission, a light-collecting guide and a photo- 

15 detector such as a photomultiplier are used in combina- 
tion. Since the emission coming out of the area exposed 
to the stimulating light (such as laser beam) is almost 
completely collected by the light-collecting guide, the 
image quality such as sharpness depends on the amount of 

20 the emission coming from the phosphor sheet. This means 
that the image quality depends on the thickness of the 
stimulable phosphor layer. It is, therefore, important 
to prepare the phosphor layer having an even thickness in 
order to obtain a radiation image having even image qual- 

25 ity. 
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In the aforementioned modified process, a light-col- 
lecting lens such as a SELFOC lens array is used for 
efficiently collecting the stimulated emission onto the 
line sensor. The stimulated emission is collected and 
5 condensed by the light-collecting lens so that an image 
would be formed on the light-receiving plane of the line 
sensor . 

It has been now found that for obtaining a clear im- 
age, the distance between the area from which the stimu- 
10 lated emission emits and the emission-receiving plane 

should be in a specific range. Particularly, if the dis- 
tance between the light-collecting lens and the surface 
of the phosphor sheet varies even slightly, the area 
sighted by the lens so varies that the light-collecting 
15 efficiency considerably varies. Consequently, even the 
slight variation of the distance between the emission- 
receiving plane and the surface of the stimulable phos- 
phor layer impairs the image quality such as sharpness 
considerably. The inventors have thus found that in the 
20 line detection, the image quality depends on the varia- 
tion of the distance between the emission-receiving plane 
of the radiation image-reading means and the surface of 
the stimulable phosphor layer rather than the thickness 
of the stimulable phosphor layer. 
25 The inventors have further studied the quality of 

radiation image obtained by the line detection, and found 



that the surface irregularities of the stimulable phos- 
phor sheet, particularly the surface irregularities of 
the stimulable phosphor layer impairs the image quality. 

The stimulable phosphor layer is formed by, for example, 
a coating method or a gas phase deposition method, but by 
any method it is almost impossible to make the surface 
having no irregularities. In fact, on the surface of the 
phosphor layer, there usually are produced both micro- 
scopic unevenness (roughness in the order of 1 to 100 (am) 
and macroscopic irregularities (e.g., irregularities of 
the thickness of the phosphor layer) . The microscopic 
unevenness may not affect the image quality because it is 
within single pixel corresponding to each photoelectric 
converting element of the line sensor. The macroscopic 
irregularities, however, cause variation of the distance 
between the emission-receiving plane and the surface of 
the stimulable phosphor layer, and accordingly sometimes 
give a radiation image having uneven image quality. 

In the conventional radiation image-reading appara- 
tus, a stage on which the stimulable phosphor sheet is 
placed is fixed and the distance between the stage and a 
stimulated emission-collecting means (comprising the 
emission-collecting lens and the line sensor) is fixed. 
However, it has been found that the distance between the 
stimulable phosphor layer and the stimulated emission- 
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receiving plane cannot be satisfactory kept at a constant 
length only by fixing the phosphor sheet onto the stage 
because the thickness of the stimulable phosphor layer is 
not strictly the same in the whole area. 

5 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved method for reading radiation image from a sti- 
10 mulable phosphor sheet in which a latent radiation image 
is contained. 

Another object of the invention is to provide an 
apparatus for performing the radiation image reading 
method of the invention. 

15 

The present invention resides in a method for read- 
ing a radiation image from a stimulable phosphor sheet 
comprising a transparent substrate and a stimulable phos- 
phor layer containing therein a latent radiation image by 

20 means of a radiation image-reading means comprising a 
stimulating light-applying unit and a stimulated emis- 
sion-collecting unit comprising a lens and a stimulated 
emission-receiving plane, which comprises the steps of 
applying a stimulating light onto the stimulable phosphor 

25 layer under the condition that the stimulable phosphor 
sheet moves along a sheet plane thereof in relation to 



the stimulated emission-collecting unit; collecting a 
stimulated emission emitting from the area onto which the 
stimulating light is applied on the stimulated emission- 
receiving plane through the transparent substrate and 
lens; and photoelectrically converting the collected 
emission into electric signals in the stimulated emis- 
sion-collecting unit, wherein the stimulable phosphor 
sheet moves in relation to the stimulated emission-col- 
lecting unit under the condition that the stimulating 
light-applied area of the stimulable phosphor layer is 
kept apart from the center of the stimulated emission- 
receiving plane with a space in the range defined by a 
combination of a reference space and a focal depth of the 
lens, the reference space being defined by a length at 
which the stimulated emission emitting from the stimul- 
able phosphor layer focuses on the stimulated emission- 
receiving plane after passing through the transparent 
substrate and lens. 

In the above-mentioned method of the invention, it 
is preferred that the stimulable phosphor sheet has a 
reference plane area on both side surfaces of the trans- 
parent substrate on the side of the stimulable phosphor 
layer and the stimulable phosphor sheet is moved under 
the condition that the phosphor sheet is supported at the 
reference plane areas on a supporting means which is ar- 
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ranged in a position fixed in relation to the stimulated 
emission-collecting unit . 

Also preferred is that the stimulable phosphor sheet 
has a reference plane area on both side surfaces of the 
5 transparent substrate on the side of the stimulable phos- 
phor layer, the stimulable phosphor sheet is supported at 
the reference plane areas on a supporting means, and the 
stimulated emission-collecting unit is moved on the sup- 
porting means. 

10 In the above-mentioned method of the invention, it 

is preferred that the stimulating light-applying unit and 
stimulated emission-collecting unit of the radiation 
image-reading means are arranged on the side facing the 
transparent substrate of the stimulable phosphor sheet. 

15 The present invention also resides in a radiation 

image reading apparatus for performing the radiation 
image reading method of the invention, which comprises 
the radiation image reading means, the supporting means 
which is arranged in a position fixed in relation to the 

20 radiation image-reading means and allows movement of the 
stimulable phosphor sheet along the sheet plane by sup- 
porting the stimulable phosphor sheet at the reference 
plane areas, and a driving means for driving the movement 
of the stimulable phosphor sheet. 

25 The present invention also resides in a radiation 

image reading apparatus for performing the radiation 



image reading method of the invention, which comprises 
the radiation image-reading means, the supporting means 
which is arranged in a position fixed in relation to the 
stimulable phosphor sheet and allows movement of the 
radiation image-reading means, and a driving means for 
driving the movement of the radiation image-reading 
means . 

The present invention further resides in a method 
for reading a radiation image from a stimulable phosphor 
sheet comprising a substrate and a stimulable phosphor 
layer containing therein a latent radiation image by 
means of a radiation image-reading means comprising a 
stimulating light-applying unit and a stimulated emis- 
sion-collecting unit comprising a lens and a stimulated 
emission-receiving plane, which comprises the steps of 
applying a stimulating light onto the stimulable phosphor 
layer under the condition that the stimulable phosphor 
sheet moves along a sheet plane thereof in relation to 
the stimulated emission-collecting unit; collecting a 
stimulated emission emitting from the area onto which the 
stimulating light is applied on the stimulated emission- 
receiving plane through not the substrate but the lens; 
and photoelectrically converting the collected emission 
into electric signals in the stimulated emission-collect- 
ing unit, wherein the stimulable phosphor sheet moves in 
relation to the stimulated emission-collecting unit under 
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the condition that the stimulating light-applied area of 
the stimulable phosphor layer is kept apart from the 
center of the stimulated emission-receiving plane with a 
space in the range defined by a combination of a refer- 
ence space and a focal depth of the lens, the reference 
.space being defined by a length at which the stimulated 
emission emitting from the stimulable phosphor layer fo- 
cuses on the stimulated emission-receiving plane after 
passing through the lens. 

In the above-mentioned method of the invention, it 
is preferred that the stimulable phosphor sheet has a 
reference plane area on both side surfaces of the sub- 
strate on the side of the stimulable phosphor layer and 
the stimulable phosphor sheet is moved under the condi- 
tion that the phosphor sheet is supported at the refer- 
ence plane areas on a supporting means which is arranged 
in a position fixed in relation to the stimulated emis- 
sion-collecting unit . 

Also preferred is that the stimulable phosphor sheet 
has a reference plane area on both side surfaces of the 
substrate on the side of the stimulable phosphor layer, 
the stimulable phosphor sheet is supported on a support- 
ing means, and the stimulated emission-collecting unit is 
moved on the reference plane areas of the stimulable 
phosphor sheet. 
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The invention also resides in a radiation image 
reading apparatus for performing the above-mentioned 
radiation image reading method of the invention which 
comprises the radiation image-reading means, the support- 
5 ing means which is arranged in a position fixed in rela- 
tion to the radiation image-reading means and allows 
movement of the stimulable phosphor sheet along the sheet 
plane by supporting the stimulable phosphor sheet at the 
reference plane areas, and a driving means for driving 

10 the movement of the stimulable phosphor sheet. 

The invention also resides in a radiation image 
reading apparatus for performing the above-mentioned 
radiation image reading method of the invention which 
comprises the radiation image-reading means, the support- 

15 ing means which is arranged in a position fixed in rela- 
tion to the stimulable phosphor sheet, and a driving 
means for driving the movement of the radiation image- 
reading means on the reference plane areas of the 
stimulable phosphor sheet. 

20 The invention furthermore resides in a stimulable 

phosphor sheet comprising a rigid substrate, a stimulable 
phosphor layer having irregularities on a surface there- 
of, and a reference plane-forming guide means attached to 
the rigid substrate on both side surfaces thereof, the 

25 reference plane-forming means having a surface of irregu- 
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larity identical to those of the surface of the stimul- 
able phosphor layer. 

In the stimulable phosphor sheet, if the stimulable 
phosphor layer has a curved, deformed or sloping surface 
5 thereon, the reference plane-forming guide means should 
have a surface identical to the surface of the stimulable 
phosphor layer 

The stimulable phosphor sheet of the invention pre- 
ferably is in the form of one of the following embodi- 
10 ments: 

1) The transparent substrate has a reference plane 
area on which the surface has irregularities within ± 100 
Hm in terms of a mean irregularity height. 

2) The transparent substrate is a rigid transpar- 
15 ent substrate such as glass sheet. 

3) The stimulable phosphor layer has a stimulated 
emission-reflecting layer on the side not facing the sub- 
strate . 

4) The stimulable phosphor layer is produced by a 
20 gas phase deposition method. 

5) The stimulable phosphor sheet has on a surface 
of the stimulable phosphor layer irregularities within ± 
50 pm in terms of a mean irregularity height. 

6) The substrate is a rigid substrate. 



7) The rigid substrate is^ made of material having 

a modulus of elasticity of 1 x 10 5 kgf/cm 2 or higher and a 
thickness in the range of 200 |wn to 10 mm, preferably 100 
\im to 10 mm. 

8) The substrate is placed on a rigid auxiliary 
substrate, which is made of material having a modulus of 
elasticity of 1 x 10 5 kgf/cm 2 or higher and a thickness in 
the range of 200 jxm to 10 mm, preferably 100 jxm to 10 mm. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a schematic view in which a radiation 
image-reading apparatus of the invention is illustrated. 

Fig. 2 is a sectional view of the radiation image- 
reading apparatus of Fig. 1, which is sectioned along the 
H-H line and viewed from the side of R. 

Fig. 3 is a sectional view of the radiation image- 
reading apparatus of Fig. 1, which is sectioned in a 
direction perpendicular to the H-H line. 

Fig. 4 indicates a case that the stimulated emission 
emitting from the stimulable phosphor layer does not 
focus on the stimulated emission-receiving plane of the 
reading means. 

Fig. 5 is a schematic view of a radiation image- 
reading apparatus in which a radiation image-reading 



means is fixed to a supporting means in which a sti- 
mulable phosphor sheet moves. 

Fig. 6 is a schematic view of a radiation image- 
reading apparatus in which the stimulable phosphor sheet 
is fixed to a supporting means on which a radiation im- 
age-reading means moves. 

Fig. 7 illustrates one embodiment in which a 
stimulable phosphor sheet having a guiding reference 
plane moves on a supporting means. 

Fig. 8(1) is a sketch showing constitution of an 
example of the stimulable phosphor sheet of the inven- 
tion, and Fig. 8(2) is an enlarged sectional view of the 
phosphor sheet sectioned with I-I line. 

Fig. 9(1) and Fig. 9(2) show enlarged sectional 
views of other examples of the stimulable phosphor sheet 
of the invention. 

Fig. 10(1) and Fig. 10(2) show sectional views show- 
ing examples of a reference plane-forming means according 
to the invention. 

Fig. 11 shows another example of the reference 
plane-forming means in the form of a frame according to 
the invention. 

Fig. 12 is a sketch showing an example of the radia- 
tion image-reading apparatus of the invention. 

Fig. 13 is a schematic sectional view of the appara- 
tus shown in Fig. 12 sectioned with I-I line. 



Fig. 14 illustrates a combination of a stimulable 
phosphor sheet having a guiding reference plane-forming 
means and a radiation image-reading means according to 
the invention. 

Fig 15. illustrates a stimulable phosphor sheet 
having guiding reference plane-forming means. 

Fig 16. illustrates another stimulable phosphor 
sheet having guiding reference plane-forming means. 

Fig 17. illustrates a further stimulable phosphor 
sheet having guiding reference plane-forming means. 

DETAILED DESCRIPTION OF THE INVENTION 

The constitution of a stimulable phosphor sheet of 
the invention is explained below by referring to the at- 
tached drawings. 

Fig. 1 through Fig. 3 are views explaining a radia- 
tion image reading method of the invention in which the 
stimulable phosphor sheet using a transparent substrate 
is employed. 

The radiation image-reading apparatus 100 of the in- 
vention has a stimulable phosphor sheet 1 which comprises 
a transparent substrate 2 having a reference plane K and 
a stimulable phosphor layer 3 arranged on the reference 
plane K at the center portion Kl; a supporting means 10 
which supports the stimulable phosphor sheet 1 at the 



side surface areas K2 of the reference plane K; a radia- 
tion image reading means which is supported by the sup- 
porting means 10 and composed of a stimulating light- 
applying unit 20 and a stimulated emission-collecting 
unit 30 (which collects the stimulated emission on the 
emission-receiving plane 32 of the line sensor 33 from 
the side of the transparent substrate 2, namely, sub- 
strate side S through a lens 31) , and a driving means 40 
which drives the movement of the stimulable phosphor 
sheet 1 in relation to the emission-collecting unit 30, 
that is the movement of the stimulable phosphor sheet 
and/or the emission-collecting unit 30. In the figures, 
the emission-collecting means 30 and the supporting means 
10 are both fixed to a common base within the reading 
apparatus 100. The surface profile error (i.e., height 
of irregularities) on the reference plane K of the trans- 
parent substrate 2 is within ± 10 jam, and the stimulable 
phosphor layer 3 has a stimulated emission-reflecting 
layer 4 on the side not facing the transparent substrate 
2. The stimulable phosphor layer 3 is produced by a gas 
phase-deposition method, and the stimulable phosphor has 
a prismatic structure extending vertically from the ref- 
erence plane K of the substrate 2. The transparent sub- 
strate 2 has a thickness of 0.7 mm, a width (length of 
lateral direction) of 40 cm, and a length of 43 cm (in 
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the longitudinal direction) , and is made of non-alkali 
glass. The stimulable phosphor layer 3 is produced from 
CsBr and EuBr 2 by the two dimensional gas phase-deposition 
method under the following conditions: Electron beam: 3 
5 kV, Pressure: 0.0002 Pa, 30 jom/min. 

The produced stimulable phosphor layer 3 is a phos- 
phor membrane composed of prismatic phosphor crystals of 
a thickness (i.e, width) of 10 fim and a height of 500 jam. 
The reflecting layer 4 is a vacuum deposited alumi- 

10 num layer. Onto the reflecting layer 4 is laminated a 
carbon resin plate 5 using an epoxy resin 6. The epoxy 
resin is coated further on the both edge surfaces M of 
the phosphor layer 3 and the reflecting layer 4 to air- 
tightly seal the phosphor layer 3 and the reflecting 

15 layer 4 . 

The stimulating light-applying means 20 is composed 
of a broad area laser 21 emitting a linear stimulating 
light, a combination 22 of a stimulating light-applying 
system and a toric lens guiding the stimulating light to 

20 linearly apply onto the stimulable phosphor sheet 1 in 

the direction of arrow X via the below-mentioned reflect- 
ing mirror 23, and a reflecting mirror 23 which alters 
the light-pass of the stimulating light. 

The emission-collecting means 30 is composed of a 

25 lens 31, a line sensor 33, and a stimulating light-cut 
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filter 34. The lens 31 is composed of a number of lens 
elements aligned in the direction of arrow X, such as a 
distributed index lens array, or a micro-lens array. The 
line sensor 33 contains a number of photoelectric conver- 
5 sion elements having a photoelectric conversion plane 32 
which are aligned in the direction of arrow X and receive 
the stimulated emission having passed through the lens 
31. The received emission is converted into electric 
signals of the radiation image. The stimulating light- 

10 cut filter 34 cuts the stimulating light having migrated 
into the stimulated emission. 

The stimulating light-applying means 20 and the 
stimulated emission-collecting means 30 are combined to 
give a united structure. 

15 The supporting means 10 has a guide rail plane 11 on 

which the stimulable phosphor sheet 1 is moved in the 
direction of arrow Y which is perpendicular to the direc- 
tion of arrow X. The stimulable phosphor sheet 1 is 
moved by a driving means 40 in the direction of arrow Y. 

20 In the radiation image-reading procedure, the stimu- 

lating light emitting from the broad area laser 21 passes 
through the stimulating light-applying system 22, is 
reflected on the mirror 23, and is applied onto the 
stimulable phosphor layer 3 of the stimulable phosphor 

25 sheet 1 on the plane S of the transparent substrate 2. 

By the application of the stimulating light, the stimul- 



able phosphor layer 3 emits a stimulated emission which 
passes through the lens 31 and is focused on the photo- 
electric conversion plane 32 of the line sensor 33. The 
radiation image-reading procedure is conducted under the 
condition that the stimulable phosphor sheet 1 is moved 
on the guiding rail plane 11 of the supporting means 10 
in the direction of arrow Y by means of the driving means 
40. The exposed area K2 of the reference plane K of the 
stimulable phosphor sheet 1 is kept in touch with the 
guiding rail plane 11 during the movement. Accordingly, 
the guiding rail plane 11 and the reference plane K are 
placed essentially on the same level. 

The distance between the guiding rail plane 11 and 
the emission-collecting means 30 is beforehand determined 
to focus the stimulated emission emitting from the phos- 
phor layer 3 on the emission-receiving plane 32 of the 
emission-collecting means 30. If the distance between 
the guiding rail plane 11 and the emission-collecting 
means 30 is not accurately adjusted, the stimulated emis- 
sion does not accurately focus on the emission-receiving 
plane 32 after passing through the lens 31, as is illus- 
trated in Fig. 4. 

As is illustrated in Fig. 5, the radiation image- 
reading means 60 can be fixed onto a supporting means 10' 
in which a stimulable phosphor sheet 1 can move. Alter- 
natively, the stimulable phosphor sheet 1 can be fixed 



-20- 

within a supporting means 10" on the guiding rail 12 of 
which a radiation image-reading means 61 can move in the 
direction of arrow Y, as is illustrated in Fig. 6. 

The stimulable phosphor sheet 1 can have a pair of 
the guide means 9 at the side edges of the transparent 
substrate 2. The guide means 9 are moved in contact with 
the guide plane 11 of the supporting means at the bottom 
surface P. 

Fig. 8(1) is a sketch showing constitution of an 
example of the stimulable phosphor sheet of the inven- 
tion, and Fig. 8(2) is an enlarged sectional view of the 
phosphor sheet sectioned with I-I line. In Fig. 8(1), 
the stimulable phosphor sheet 110 comprises a stimulable 
phosphor layer 111 and a reference plane-forming means 
112. The reference plane-forming means 112 is composed 
of a pair of frame members 112a, 112b provided on oppo- 
site edges of the phosphor layer 111. The reference 
plane A is determined as an imaginary plane including the 
tops of the frame members 112a, 112b. 

The size of the stimulable phosphor sheet is deter- 
mined according to an image-reading area required for the 
phosphor sheet. It is necessary for the phosphor sheet 
to have a size larger than the required image-storing 
area, and each of the longitudinal length and the lateral 
length generally is 1.1 or more (e.g., 1.2) times as long 
as those of the image-reading area. Accordingly, each of 
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the longitudinal and the lateral lengths generally is in 
the range of 10 to 100 cm. The frame members 112a, 112b 
generally have a width of 1 to 100 mm and a height of 0.1 
to 50 mm. 

5 In Fig. 8 (2) , the stimulable phosphor layer 111 of 

the stimulable phosphor sheet has a curved surface. The 
curved surface is within the depth of ± d (d: the depth 
of focus of the stimulated emission-collecting lens) 
measured on the basis of an imaginary plane A ! parallel 

10 to the reference plane A. As described below, the verti- 
cal position of the line sensor is practically determined 
on the basis of the imaginary plane A ? . The allowable 
curvature of the surface of the phosphor sheet depends on 
what nature of the emission-collecting lens is used, but 

15 it preferably is in the range of ± 50 |xm, more preferably 
in the range of ± 20 fxm measured from the plane A 1 . 

As described below, the radiation image is read out 
while an encased emission-collecting unit (which compris- 
es the emission-collecting lens and the line sensor) is 

20 moving in the direction of arrow in contact with the tops 
of the frame members 112a, 112b. Since the emission- 
collecting unit thus moves on the reference plane A, the 
emission-collecting lens (which is contained in the emis- 
sion-collecting unit) simultaneously moves on a plane 

25 parallel to the reference plane A. Therefore, it is 
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always ensured that the distance between the surface of 
the stimulable phosphor layer 111 and the center area of 
the line sensor varies only within the focal depth (d) of 
the emission-collecting lens. 

With respect to various stimulable phosphor sheets 
having the constitution shown in Fig. 8(1), the radiation 
image was read out by means of the radiation image-read- 
ing apparatus described below (shown in Figs. 12 and 13). 

Accordingly, the surface irregularities or unevenness of 
the phosphor sheet and sharpness of the obtained image 
had the relation shown in Table 1. The term "surface 
irregularities" herein means the difference between the 
surface and a plane parallel to the reference plane. The 
emission-collecting lens used herein has a focal depth 
(which is the range ensuring MTF of 10% or more at 61p) 
of 300 urn. 



Table 1 



Surface irregularities (± jjm) 



MTF (%) 



0 



100 



20 



87 



50 



70 



300 



10 



Fig. 9(1) shows enlarged sectional views of another 
example of the stimulable phosphor sheet of the inven- 
tion. In Fig. 9(1), the stimulable phosphor layer 121 
has an inclined surface and the reference plane A is also 
inclined. The inclination of the surface of the phosphor 
layer 121 is within the focal depth of ± d measured from 
the plane A* which is parallel to the reference plane A. 

In Fig. 9(2), the stimulable phosphor layer 131 has 
a waving surface, while the reference plane A smoothly 
curves. The surface irregularities of the phosphor layer 
131 is within the focal depth of ± d which is measured 
from the plane A ! parallel to the reference plane A. 

As is described above, the reference plane-forming 
means (frame members) may have inclined or curved tops 
which is to comply with the surface irregularities of the 
phosphor layer. Accordingly, the reference plane, which 
is an imaginary plane including the tops of the frame 
members, may be inclined or curved. Even in that case, 
in reading the radiation image, it is always ensured that 
the distance between the surface of the phosphor layer 
and the line sensor varies within the focal depth ± d of 
the emission-collecting lens. 

The reference plane-forming means of the invention 
is not restricted to the embodiment shown in Fig. 8(1) 
and Fig. 8(2). Any embodiments can be used as long as 
they are provided outside of the radiation image-storing 
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area of the phosphor sheet so as to indicate the refer- 
ence plane for determining the vertical position of the 
line sensor. 

Fig. 10(1) and Fig. 10(2) show sectional views show- 
5 ing other examples of the reference plane-forming means 
according to the invention. In Fig. 10(1), frame members 
142a, 142b as the reference plane-forming means 142 are 
provided on both side edges of the stimulable phosphor 
layer 141, and a plane including the tops of the frame 

10 members 142a, 142b is the reference plane A. 

In Fig. 10(2), frame members 152a, 152b as the refe- 
rence plane-forming means 152 are provided on both sides 
of the stimulable phosphor layer 151, and a plane includ- 
ing the tops of the frame members 152a, 152b is the refe- 

15 rence plane A. In this embodiment, the surface irregu- 
larities of the phosphor layer 151 is within the focal 
depth of ± d measured from the reference plane A. 

Fig. 11 shows another example of the reference 
plane-forming means according to the invention. In Fig. 

20 11, the reference plane-forming means (or reference 

plane-indicating means) 162 of the stimulable phosphor 
sheet 160 is provided at the peripheral edge around the 
surface of the phosphor layer 161. A plane including the 
top of the frame 162 is the reference plane A. 

25 The process for preparing the stimulable phosphor 

sheet of the invention is described below. 



As the stimulable phosphor, a stimulable phosphor 
giving a stimulated emission in the wavelength region of 
300 to 500 nm when it is irradiated with stimulating 
light in the wavelength region of 400 to 900 nm is pref- 
5 erably employed. 

A particularly preferred stimulable phosphor is an 
alkali metal halide phosphor having the following formula 
(I) : 

M I X»aM II X ' 2^M 11X X 1 1 3 : zA ( I ) 

0 

in which M 1 is at least one alkali metal element selected 
from the group consisting of Li, Na, K, Rb and Cs; M 11 is 
at least one alkaline earth metal element or divalent 
metal element selected from the group consisting of Be, 

5 Mg, Ca, Sr, Ba, Ni, Cu, Zn and Cd; M 111 is at least one 
rare earth element or trivalent metal element selected 
from the group consisting of Sc, Y, La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Al, Ga and In; A 
is at least one rare earth element or metal element se- 

0 lected from the group consisting of Y, Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Na, Mg, Cu, Ag, Tl 
and Bi; each of X, X 1 and X ,f independently is at least 
one halogen selected from the group consisting of F, CI, 
Br and I; and a, b and z are numbers satisfying the con- 

5 ditions of 0<a<0.5, 0<b<0 . 5 and 0<z<0.2. 
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In the formula (I), at least Cs is preferably in- 
cluded as M 1 , at least Br is preferably included as X, and 
A is particularly preferably Eu or Bi. The phosphor of 
the formula (I) may contain a metal oxide (such as alumi- 
num oxide, silicon dioxide or zirconium oxide) as an 
additive in an amount of not more than 0.5 mol . based on 
1 mol. of M 1 . 

Another preferred stimulable phosphor is a rare 
earth activated alkaline earth metal f luoride-halide 
phosphor having the following formula (II) : 

M IX FX: zLn (II) 

in which M 11 is at least one alkaline earth metal element 
selected from the group consisting of Ba, Sr and Ca; Ln 
is at least one rare earth element selected from the 
group consisting of Ce, Pr, Sm, Eu, Tb, Dy, Ho, Nd, Er, 
Tm and Yb; X is at least one halogen selected from the 
group consisting of CI, Br and I; and z is a number sat- 
isfying the condition of 0<z<0.2. 

In the formula (II), Ba is preferably included in an 
amount of half or more of M 11 , and Ln is particularly 
preferably Eu or Ce. The M ri FX in the formula (II) indi- 
cates the crystal structure of BaFX, and it by no means 
indicates F:X=1:1. The formula (II), therefore, does not 
indicate resultant stoichiometric composition. It is 



generally preferred to produce many F + (X~) centers (which 
are vacant lattice points of X" ion) in a BaFX crystal, so 
as to enhance the efficiency of emission stimulated by 
light in the wavelength region of 600 to 700 nm. In many 
cases, F is in slight excess of X. 

One or more of the following additives may be added 
into the phosphor of the formula (II), if needed, al- 
though they are omitted in the formula (II). 

bA, wN 1 , xN 11 , yN 111 

In the above, A is a metal oxide such as A1 2 0 3 , Si0 2 or 
Zr0 2 . For preventing M I3: FX particles from sintering, A is 
preferably inactive to M i:c FX and is preferably in the form 
of fine particles (the mean size of primary particles is 
not more than 0.1 |mri) . N 1 is a compound of at least one 
alkali metal element selected from the group consisting 
of Li, Na, K, Rb and Cs; N 11 is a compound of alkaline 
earth metal element Mg and/or Be; and N 111 is a compound 
of at least one trivalent metal element selected from the 
group consisting of Al, Ga, In, Tl, Sc, Y, La, Gd and Lu. 

The letters b, w, x and y represent added amounts of 
the additives, based on 1 mol . of M IX FX when the additives 
are added into the phosphor. They satisfy the conditions 
of 0<b<0.5, 0<w<2, 0<x<0.3 and 0<y<0 . 3 . The amounts of 
the additives often decrease during sintering and washing 
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processes, and hence the b, w, x and y do not always 
indicate the ratios of the components in the resultant 
phosphor. Some of the additives are not changed to re- 
main in the resultant phosphor, but others are reacted 
5 with or incorporated in M IX FX. 

Further, other additives can be added into the phos- 
phor of the formula (II), if needed. Examples of the 
additives include Zn and Cd compounds; metal oxides such 
as Ti0 2 , BeO, MgO, CaO, SrO, BaO, ZnO, Y 2 0 3/ La 2 0 3 , ln 2 0 3 , 

10 Ge0 2 , Sn0 2 , Nb 2 0 5 , Ta 2 0 5 and Th0 2 ; Zr and Sc compounds; B 

compounds; As and Si compounds; tetraf luoroborates ; hexa- 
fluoro compounds (monovalent or divalent salts of hexa- 
fluorosilicate, hexaf luorotitanate and hexaf luorozirco- 
nate) ; and compounds of transition metal such as V, Cr, 

15 Mn, Fe, Co and Ni . Further, whether the additives are 
incorporated or not, any rare earth activated alkaline 
earth metal f luoride-halide stimulable phosphor can be 
used in the invention. 

The phosphor used in the invention is not restricted 

20 to the stimulable phosphor. A phosphor giving an instant 
emission in the ultraviolet or visible wavelength region 
when it absorbs a radiation such as X-rays can be also 
employed in the invention. Examples of that phosphor in- 
clude LnTa0 4 : (Nb,Gd) , Ln 2 Si0 5 :Ce, LnOX:Tm (in which Ln is 

25 a rare earth element), CsX (in which X is a halogen), 



Gd 2 0 2 S:Tb, Gd 2 0 2 S : Pr , Ce, ZnW0 4 , LuA10 3 :Ce, Gd 3 Ga 5 0i 2 : Cr , Ce 
and Hf0 2 . 

In the present invention, the phosphor layer can be 
formed by electron beam-evaporating method, which belongs 
to the gas phase deposition method. Generally, a phos- 
phor layer formed by the gas phase deposition method com- 
prises only a stimulable phosphor with no binder, and in 
the phosphor layer there are cracks among the prismatic 
crystals of the stimulable phosphor. Accordingly, the 
stimulating light and the stimulated emission are effi- 
ciently applied and observed, respectively, and hence a 
radiation image of high sharpness can be reproduced with 
high sensitivity. In particular, the electron beam-evap- 
orating method gives regularly aligned prismatic crystals 
having a good shape. Further, since the vapor source is 
locally heated and instantly vaporized, the composition 
of the resultant phosphor in the layer is usually almost 
the same as that of the phosphor of the vapor source. In 
contrast, in other gas phase deposition methods, since a 
component having a high vapor pressure is preferentially 
vaporized (for example, an activator is vaporized prior 
to the formation of phosphor matrix) , the composition of 
the resultant phosphor is not coincident with that of the 
phosphor of the vapor source in many cases. 

In the first place, a stimulable phosphor of vapor 
source and a substrate on which the vapor is to be depos- 
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ited are set in an vapor-deposition apparatus. The appa- 
ratus is then evacuated to 3 x 10" 10 to 3 x 1CT 12 kg/cm 2 . 
Inert gases such as Ar and Ne may be introduced into the 
apparatus while the vacuum is kept in the above range. 
5 As the substance, sheets of quartz glass, metals (e.g., 
aluminum) and resins (e.g., aramide) are usable. 

The stimulable phosphor is preferably compressed to 
form a pellet. The pressure of compressing is generally 
in the range of 800 to 1,000 kg/cm 2 . The phosphor may be 

10 heated in the range of 50 to 200°C during the compressing 
process, and after the process the obtained pellet may be 
degassed. By the compressing process, the relative den- 
sity of the vapor source can be increased. If the vapor 
source has a low relative density, the phosphor is often 

15 so non-unif ormly vaporized that the deposited film has an 
uneven thickness, that bumped substances attach on the 
substrate or that the activators or additives of the 
stimulable phosphor are segregated in the deposited film. 
In place of the stimulable phosphor, a mixture of mate- 

20 rials for the production of a stimulable phosphor can be 
used as the vapor source. 

In the second place, an electron beam generated by 
an electron gun is applied onto the vapor source. The 
accelerating voltage of electron beam is preferably in 

25 the range of 1 . 5 kV to 5 . 0 kV . 
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By applying the electron beam, the stimulable phos- 
phor of vapor source is heated, scattered and accumulated 
on the substrate. The accumulating rate of the phosphor, 
namely the deposition rate, generally is in the range of 
5 0.1 to 1,000 |xm/minute, preferably in the range of 1 to 
100 nm/min. The electron beam may be applied twice or 
more to form two or more phosphor layers. Further, two 
or more kinds of phosphors may be co-deposited by means 
of plural electron guns. It is also possible that the 

10 phosphor layer be formed on the substrate simultaneously 
with synthesizing the phosphor from materials. The sub- 
strate may be cooled or heated, if needed, during the 
deposition process, or may be subjected to heating treat- 
ment (annealing treatment) after the process. 

15 The vapor-accumulating method used in the invention 

is not restricted to the electron beam-evaporating meth- 
od, and various other methods such as resistance-heating 
method and spattering method can be used. 

In the above-described manner, the phosphor layer in 

20 which the prismatic crystals of stimulable phosphor are 
aligned almost perpendicularly to the substrate can be 
formed. Thus-formed phosphor layer comprises only the 
stimulable phosphor without a binder, and there are 
cracks among the prismatic crystals. On the surface of 

25 the phosphor layer, both microscopic unevenness (rough- 
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ness) in the order of 1 to 100 |im and macroscopic uneven- 
ness extending the whole surface are formed. The micro- 
scopic unevenness is caused by minute differences of 
heights of the prismatic crystals, and the macroscopic 
5 unevenness is, for example, inclination, waving, curving 
and swelling, as shown in Figs. 8(1), 8(2), 9(1) and 
9(2) . 

The surface of the formed phosphor layer is prefera- 
bly subjected to various known treatment such as polish- 
0 ing or graining so that the unevenness may be within the 
depth of focus of the light-collecting lens. It is par- 
ticularly preferred that the evenness along the direction 
perpendicular to the direction of arrow in Fig. 8(1) be as 
high as possible. 
5 The stimulable phosphor layer may be formed by ap- 

plying and drying a coating solution in which stimulable 
phosphor particles and a binder are dispersed or dis- 
solved in an appropriate organic solvent. The thus- 
formed phosphor layer comprises the binder and the phos- 
0 phor particles dispersed therein. The binder can be 
optionally selected from various known binder resins. 

On the surface and/or on the side of the stimulable 
phosphor layer, the reference plane-forming means is 
provided. The reference plane-forming means can be 
formed by attaching a film of organic polymer (e.g., 



-33- 

polyethylene terephthalate ) or a glass plate on the phos- 
phor layer with an appropriate adhesive, or by applying 
and drying a solution containing an organic polymer mate- 
rial (e.g., fluororesins soluble in organic solvents) on 
the phosphor layer. Otherwise, inorganic compounds may 
be deposited in the form of a frame on the phosphor layer 
to form the reference plane-indicating means. 

The stimulable phosphor layer with thus-formed refe- 
rence plane-forming means is then peeled from the sub- 
strate to obtain a stimulable phosphor sheet comprising 
the stimulable phosphor layer and the reference plane- 
forming means. 

On the bottom (reverse) surface of the stimulable 
phosphor, a rigid support may be provided. It is possi- 
ble to use the substrate as the support, and in that case 
the phosphor layer is not peeled from the substrate. 
Otherwise, after the phosphor layer is peeled from the 
substrate, the layer may be laminated on another support 
with an adhesive. The support employed in the invention 
can be optionally selected from those employed in the 
conventional stimulable phosphor sheets. It is known 
that, for improving sensitivity or image quality (sharp- 
ness, graininess) , a conventional stimulable phosphor - 
sheet may have a light-reflecting layer containing light- 
reflecting material such as titanium dioxide and/or a 
light-absorbing layer containing light-absorbing material 



such as carbon black. Also in the phosphor sheet of the 
invention, these layers can be optionally provided ac- 
cording to the purpose and the use of the phosphor sheet. 

Further, for improving the sharpness of the resultant 
image, fine hollows or warts may be formed on the phos- 
phor layer-side surface of the support (or on the phos- 
phor layer-side surface of the auxiliary layer such as an 
undercoating layer (adhesive layer) , the light-reflecting 
layer or the light-absorbing layer, if it is provided) . 

The rigid support preferably has a modulus of elas- 
ticity of 1 x 10 5 kgf/cm 2 or higher, more preferably in 
the range of 2 x 10 5 kgf/cm 2 to 1 x 10 8 kgf/cm 2 . The rigid 
support preferably absorbs the radiation as little as, 
preferably less than 20%, more preferably less than 10%. 

Further, from the viewpoint of resistance to water vapor 
permeation, it preferably has a high air-tightness and 
low vapor permeability. Accordingly, the rigid support 
is preferably made of glass sheet, metal sheet such as 
aluminum film, fiber-reinforced plastic sheet such as 
sheet of carbon fiber-reinforced plastic (CFRP) or sheet 
of glass fiber-reinforced plastic (GFRP) , or ceramic 
sheet such as porous ceramic sheet. 

The rigid support preferably has a thickness in the 
range of 100 [ira to 10 mm, more preferably 1 to 10 mm. If 
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the protective film has enough rigidity, there is no 
necessity to place the rigid support. 

In order to keep the phosphor layer from atmospheric 
moisture, the phosphor layer is preferably encased within 
the protective layer (film or sheet) and sealed around 
the layer. The sealing material can be an adhesive or a 
low-melting glass. Otherwise, a spacer or a frame made 
of glass, ceramic, metal, or plastic material can be 
placed between the protective layer and the rigid support 
using an adhesive. Examples of appropriate adhesives 
include epoxy resin, phenol resin, cyanoacrylate resin, 
vinyl acetate resin, vinyl chloride resin, polyurethane 
resin, acryl resin, ethylene-vinyl acetate resin, 
polyolefin resin, chloroprene elastomer, nitrile elasto- 
mer, and silicone adhesive. 

It is preferred to provide a protective film on the 
surface of phosphor layer, so as to ensure treatability 
of the stimulable phosphor sheet in transportation and to 
avoid deterioration. In order not to affect the simulat- 
ing light or the stimulated emission, the film is pref- 
erably transparent. Further, for protecting the phosphor 
sheet from chemical deterioration and physical damage, 
the film must be chemically stable, high moisture proof 
and physically strong. 

The protective film can be provided by coating the 
stimulable phosphor layer with a solution in which a 



transparent organic polymer (e.g., cellulose derivatives, 
polymethyl methacrylate, fluororesins soluble in organic 
solvents) is dissolved in a proper solvent, by laminating 
a beforehand prepared sheet for the protective film 
(e.g., a film of organic polymer such as polyethylene 
terephthalate, a transparent glass plate) on the phosphor 
layer with an adhesive, or by depositing vapor of inor- 
ganic compounds on the phosphor layer. Various additives 
may be dispersed in the protective film. Examples of the 
additives include light-scattering fine particles (e.g., 
particles of magnesium oxide, zinc oxide, titanium diox- 
ide and alumina), slipping agent (e.g., powders of per- 
fluoroolefin resin and silicone resin) and crosslinking 
agent (e.g., polyisocyanate) . The thickness of the pro- 
tective film is generally in the range of about 0.1 to 20 
|nm (if the film is made of polymer material) or in the 
range of about 100 to 1,000 (if the film is made of an 

inorganic compound such as glass) . 

The protective film can be replaced with a rigid 
transparent protective sheet (or plate) . The rigid sheet 
preferably has a modulus of elasticity of 1 x 10 5 kgf/cm 2 
or higher, more preferably in the range of 2 x 10 5 kgf/cm 2 
to 1 x 10 8 kgf/cm 2 . From the viewpoint of resistance to 
water vapor permeation, the rigid ' protective sheet pref- 
erably has a high air-tightness and low vapor permeabili- 
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ty. Accordingly, the rigid support is preferably made of 
glass sheet. Examples of preferred glass sheets include 
Glass sheet 10.7, 0.85, or 1.0 available from Central 
Glass Co., Ltd., UFF 0.40, 0.50, 0.55, or 0.70 available 
from Nippon Glass Plate Co., Ltd., and PROQS 40SX avail- 
able from Asahi Glass Co., Ltd. The rigid protective 
sheet preferably has a thickness of 200 jam to 10 mm. 

Otherwise, the stimulable phosphor layer is first 
arranged on the rigid protective sheet, and then a rigid 
plate is placed on the phosphor layer. There can be 
placed a different material layer for ensuring uniform 
space between the phosphor layer and the rigid plate. 
The different material layer is preferably made of mate- 
rial of a low density and a low radiation absorption. 
Examples of the materials include non-woven fabric, fab- 
ric of natural fiber or synthetic fiber, glass fibers, 
porous urethane polymer, porous polyethylene terephthal- 
ate, porous ceramic, microfilter, resin (preferably, 
resin having a low density of 1.7 g/cm 3 or lower) such as 
polyethylene terephthalate, polycarbonate, polyurethane, 
acrylic resin, epoxy resin, and a mixture of hollow par- 
ticles (hollow polymer particles) and a binder. The 
binder for dispersing the hollow particles can be poly- 
styrene, polyolefin, polyurethane, polyester, polyamide, 
polybutadiene, ethylene-vinyl acetate polymer, polyvinyl 
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chloride, natural elastomer, fluororesin elastomer, poly- 
isoprene, chlorinated polyethylene, styrene-butadiene 
elastomer, silicone elastomer, and other thermoplastic 
elastomers . 

If the material placed between the phosphor layer 
and the rigid plate is adhesive, the material can be 
coated on the phosphor layer and then the rigid plate is 
placed on the coated material. The layer of different 
material generally has a thickness of 100 fim to 10 mm, 
preferably 1 to 5 mm. 

It is preferred that a light-discontinuous space 
(e.g., air space, specific refractive index layer) is 
placed between the stimulable phosphor layer and the 
protective sheet, so as to control of the emitting direc- 
tion of stimulated emission for the purpose of increase 
of amount of the stimulated emission collected by the 
lens. 

For enhancing the resistance to stain, a fluororesin 
layer is preferably provided on the protective film. The 
fluororesin layer can be form by coating the surface of 
the protective film with a solution dissolving (or dis- 
persing) a fluororesin in an organic solvent, and drying 
the applied solution. The fluororesin may be used sin- 
gly, but in usual a mixture of the fluororesin and a 
film-forming resin is employed. In the mixture, an 
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oligomer having polysiloxane structure or perf luoroalkyl 
group can be further added. In the fluororesin layer, 
fine particle filler may be incorporated so as to reduce 
blotches caused by interference and to improve the quali- 
5 ty of the resultant image. The thickness of the fluoro- 
resin layer is generally in the range of 0.5 to 20 fam. 

In the case where the protective film or the fluoro- 
resin layer is formed on the stimulable phosphor layer, 
the reference plane-indicating means is provided on the 

10 surface of the film or the resin layer and/or on the side 
of the stimulable phosphor layer and the film or the 
resin layer, so that the unevenness of the film or the 
resin layer may be within the depth of focus of the 
light-collecting lens . 

15 Thus, the stimulable phosphor sheet of the invention 

can be prepared. The phosphor sheet of the invention may 
have known various structures. For example, in order to 
improve the sharpness of the resultant image, at least 
one of the above layers may be colored with a colorant 

20 which does not absorb the stimulated emission but the 
stimulating light . 

The radiation image information-reading apparatus of 
the invention suitable for the above-described stimulable 
phosphor sheet is explained below by referring to the at- 

25 tached drawings. 
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Fig. 12 is a sketch showing an example of the radia- 
tion image information-reading apparatus of the inven- 
tion, and Fig* 13 is a schematic sectional view of the 
apparatus shown in Fig. 12 sectioned with I-I line. 
5 In Figs. 12 and 13, the radiation image-reading 

apparatus comprises: a stage 171 on which a stimulable 
phosphor sheet 110 is placed; a broad area laser (herein- 
after referred to as BLD) 172 which linearly emits stimu- 
lating light L almost parallel to the surface of the 

10 phosphor sheet 110; an optical system 173 which comprises 
a collimator lens and a toric lens and through which the 
stimulating light L are converted into parallel beams; a 
variable mirror 174 which reflects the stimulating light 
L with the angle sequentially changed so that the light L 

15 may be applied on the surface of the phosphor sheet 110 
linearly along the arrow direction of X; a boxed light- 
detecting means 175 which collects and detects stimulated 
emission M induced by irradiation of the stimulating 
light L and emitted from the phosphor sheet 110, while 

20 the means 175 is moving synchronously with the variable 
mirror 174, parallel to the reference plane A, along the 
direction of arrow indicated by Y and in contact with the 
tops of the frame members 112a and 112b on the phosphor 
sheet 110; and a radiation image-reading means 180 in 

25 which signal S output from the emission-collecting means 
175 is processed according to the position of the phos- 
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phor sheet 110 and then which outputs electric image sig- 
nals. In the radiation image information-reading appara- 
tus, it is preferred that the stimulating light-applying 
system (the broad area laser 171 to the variable mirror 
5 174) and the stimulated emission-collecting system 
(light-detecting means 175) move synchronously. 

The encased emission-collecting means 175 contains: 
a distributed index lens array (an array of many distrib- 
uted index lenses, hereinafter referred to as ' SELFOC 

10 lens array) 176 which focuses the stimulated emission M 

on a line sensor 178; a stimulating light-cutting filter , 
177 which transmits the stimulated emission M but which 
does not transmit the stimulating light L in order to cut 
off the light L reflected by the surface of the phosphor 

15 sheet 110 and slightly contaminating the stimulated emis- 
sion M; and the line sensor 178 comprising many arrayed 
photoelectric converting elements 179 which receive and 
photoelectrically convert the stimulated emission M. The 
emission-collecting means 175 moves on the reference 

20 plane A above the phosphor sheet A so that it may be 
always positioned just above the area exposed to the 
stimulating light L. 

As shown in Fig. 8(1) and Fig. 8(2), the stimulable 
phosphor sheet 110 comprises a stimulable phosphor layer 

25 11 and frame members 112a, 112b of the reference plane- 
forming means. Owing the provision of frame members 



112a, 112b, the phosphor sheet 110 has the reference 
plane A. 

The broad area laser (BLD) 172 is placed along the 
arrow X, and emits visible light in the wavelength region 
of 630 to 690 nm. The variable mirror 174 reflects the 
stimulating light L with the angle changed so that the 
light L may be applied on the surface of the phosphor 
sheet 110 linearly along the direction of arrow indicated 
by X while moving sequentially in the direction of arrow 
indicated by Y. 

The SELFOC lens array 176 isometrically forms an 
image of the stimulated emission M-emitting area of the 
phosphor sheet 110 on the emission-receiving plane of the 
line sensor 178. 

The line sensor 178 comprises many (for example, 
1,000 or more) photoelectric converting elements (CCDs, 
charge coupled devices) 179 arrayed along the arrow X. 
Each element has a photo-receiving face (size: approx. 
100 \xm x 100 (xm) , and corresponds to one pixel. This 
means that each element receives the stimulated emission 
M emitted from an area of approx. 100 |um x 100 (urn on the 
phosphor sheet 110. 

The radiation image-reading process using the appa- 
ratus and the stimulable phosphor sheet described above 
can be performed in the following manner. 
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The stimulable phosphor sheet 110 is beforehand ex- 
posed to radiation (such as X-rays) having passed through 
an object, and hence radiation image information of the 
object is recorded and stored in the phosphor sheet 110. 
5 The phosphor sheet 110 is then placed on the stage 171. 
The BLD 172 linearly emits stimulating light L almost 
parallel to the surface of the phosphor sheet 110. The 
stimulating light L pass through the optical system 173 
comprising a collimator lens and a toric lens, and are 
10 thereby converted into parallel beams. The beams L are 

then reflected by the variable mirror 174, and applied on 
the phosphor sheet 110 linearly along the direction of 
arrow indicated by X. By the variable mirror 174, the 
stimulating light L are linearly applied on the phosphor 
15 sheet 110 while sequentially moving in the direction of 
arrow indicated by Y. 

The stimulated emission M is induced by the stimu- 
lating light L linearly applied on the phosphor sheet 
110, and is emitted from the exposed area and the area 
20 nearby. The emission M has an intensity according to the 
stored radiation image information. 

The stimulated emission M is then focused on the 
photo-receiving faces of the photoelectric converting 
elements 179 constituting the line sensor 178 by means of 
25 the SELFOC lens array 17 6 in the light-detecting means 
175 which moves on the reference plane A synchronously 
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with the variable mirror 174. The moving speed of the 
light-detecting means 175 is input into the radiation 
image-reading means 180. 

The stimulated emission M having passed through the 
5 SELFOC lens array 176 is slightly contaminated with the 
stimulating light L reflected by the surface of the phos- 
phor sheet 110, and hence the contaminating light L are 
cut off with a stimulating ray-cutting filter 177. 

The stimulated emission M received by the converting 

10 elements 179 is photoelectrically converted into signals 
Q, which are then input into the image-reading means 80. 

In the image-reading means 180, the signals Q are pro- 
cessed on the basis of the moving speed of the emission- 
collecting means 175 to obtain image data according to 

15 the positions of the phosphor sheet 110. The thus-ob- 
tained image data are output on an image-displaying appa- 
ratus (not shown) . 

The radiation image information-reading apparatus of 
the invention is not restricted to the embodiment shown 

20 in Figs. 12 and 13. Each part of the apparatus (such as 
the light source, the emission-collecting optical system 
between the light source and the phosphor sheet, the 
optical system between the phosphor sheet and the line 
sensor, or the line sensor) may have various known con- 

25 stitution. 



For example, as is illustrated in Fig. 14, the 
stimulable phosphor sheet can be fixed onto a supporting 
means at the side areas along the longitudinal direction, 
and the emission-collecting means can be moved on the 
supporting means. 

Fig. 14 is a schematic section view illustrating a 
constitution of a reading apparatus in which the rela- 
tionship between the supporting means for the phosphor 
sheet and the emission-collecting means in the reading 
apparatus. The arrow indicates the directions of X-ray 
irradiation and application of the stimulating light. In 
Fig. 14, a stimulable phosphor sheet 120 (181: stimulable 
phosphor layer having a transparent protective layer on 
its upper surface and a support sheet on its lower sur- 
face, 183: adhesive layer, 184: rigid plate, 185: sealing 
material) has a reference plane-forming means 182 which 
corresponds to the exposed surface of the rigid plate 
184. The stimulable phosphor sheet 120 is supported 
horizontally at both side areas (including the reference 
plane-forming means 182) using a supporting means 186a, 
186b made of plate spring. On the upper surfaces 186c, 
186d of the plate springs 186a, 186b, the reading appara- 
tus forms its reference plane. The emission-collecting 
means 187 has the sliding portions 187a, 187b which move 
on the plate springs 186a, 186b along the reference 
planes 186c, 186d. 
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The stimulable phosphor sheet can be read during its 
horizontal or vertical movement using an apparatus simi- 
lar to that of Fig. 14. In that case, the stimulable 
phosphor sheet preferably has a rigid sheet or plate at 
5 least on one side. 

As the line light source, a light source having a 
linear shape may be used. Further, a fluorescent lamp, a 
cold cathode fluorescent lamp and a LED (light-emitting 
diode) array can be also used. The line light source may 
10 emit the stimulating light either continuously or inter- 
mittently in the form of pulses. In consideration of 
lowering noises, the stimulating light are preferably in 
the form of pulses with high power. 

In place of the SELFOC lens array, a micro-lens 
15 array can be used. Examples of the line sensor other 

than a CCD sensor include an amorphous silicon sensor, a 
CCD with back illuminator and MOS image sensor. The 
boxed light-detecting means may have protuberances on the 
surface contacting with the reference plane of the phos- 
20 phor sheet. 

In the above embodiment, the optical system between 
the phosphor sheet and the line sensor is designed to 
form an image isometrically for simplifying the explana- 
tion. However, a magnifying or reducing optical system 
25 may be used. In consideration of increasing the light- 



collecting efficiency, an isometrical or magnifying opti- 
cal system is preferred. 

An image-processing means, in which image data sig- 
nals output from the radiation image-reading means are 
subjected to various signal processing, may be installed. 

Further, an image-output means, by which a visible image 
is displayed from the image data signals on a CRT or on a 
dry film, may be installed. Furthermore, a pulling-out 
means, by which a stimulable phosphor sheet contained in 
a cassette is drawn out, may be installed. An erasing 
means, in which radiation energy remaining in the phos- 
phor sheet after reading is adequately released, may be 
also installed. 

According to the present invention, the reference 
plane-indicating means is provided on a stimulable phos- 
phor sheet so that the surface unevenness or irregularity 
of the phosphor sheet may be within the focal depth of 
the emission-collecting optical system. Further in the 
apparatus of the invention, the emission-collecting means 
reads the image information while moving in contact with 
the reference plane of the phosphor sheet so that the 
vertical position of the phosphor sheet can be accurately 
determined. Therefore, no matter how uneven thickness 
the phosphor sheet has, variation of the distance between 
the line sensor and the surface of the phosphor layer can 
be kept within the focal depth of the emission-collecting 



optical system. It is also possible to rapidly obtain a 
radiation image having even image quality (such as sharp- 
ness) since the vertical position can be accurately de- 
termined. For these reasons, the stimulable phosphor 
sheet and the radiation image-reading apparatus of the 
invention are advantageously used particularly in radiog- 
raphy for medical diagnosis, industrial radiography and 
fluoroscopy. 

The present invention is further described by the 
following examples . 
[Example 1] 

1) Stimulable phosphor particles (BaF(Br,I) :Eu) 
and a polyurethane resin were dispersed in an organic 
solvent in a weight ratio of 20:1, to prepare a phosphor 
dispersion. The phosphor dispersion was coated on a 
temporary support having a releasable coat. The coated 
dispersion was dried to give a phosphor film. The phos- 
phor film was separated from the temporary support, and 
pressed under heating on a support having a subbing lay- 
er. Subsequently, a protective layer was placed on the 
phosphor film, to give a stimulable phosphor film (410 mm 
x 430 mm, thickness: approx. 250 jam) placed on a support. 

2) The support on which the stimulable phosphor 
film was attached was placed on a polished aluminum plate 
(rigid substrate, 430 mm x 450 mm, thickness: 10 mm) via 



a double side adhesive film (thickness of adhesive layer: 
60 \aix\) . 

3) The circumferential areas of the phosphor film, 
support, and adhesive film was coated with a silicone 
resin solution. The coated solution was dried to seal 
the phosphor film, to prepare a stimulable phosphor sheet 
arranged on a rigid plate, as illustrated in Fig. 14. 

The surface irregularities of the phosphor film were 
within ± 13 jam, based on a plane parallel to the refer- 
ence plane. 

[Example 2] 

1) A stimulable phosphor (CsBrrEu) was deposited 
on a glass plate (430 mm x 450 mm, thickness: 0.63 mm) by 
an electron beam deposition method, to produce a stimul- 
able phosphor sheet composed of the glass plate and a 
stimulable phosphor layer (410 mm x 430 mm, thickness: 
approx. 500 |um) in which prismatic phosphor crystals 
extending almost vertically from the glass plate were 
densely aligned. 

2) Separately, a glass spacer (thickness: 500 |im) 
was formed on a circumferential area of a glass sheet 
(rigid protective sheet, 430 mm x 450 mm, thickness: 8 

mm) using a sealing adhesive resin (main component: 
acrylic resin. 
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3) On the glass spacer was placed via adhesive the 
stimulable phosphor sheet under the conditions that the 
phosphor layer was enclosed with the spacer and the glass 
sheet and the phosphor layer did not become in contact 
with the glass sheet to produce an optically discontinu- 
ous space between the phosphor layer and the glass sheet, 
as illustrated in Fig. 15. 

In Fig. 15, the stimulable phosphor sheet is com- 
posed of a protective sheet 193, an optically discontinu- 
ous space 194, a deposited stimulable phosphor layer 191, 
and a substrate 195. The circumferential portions of the 
phosphor layer 191 were sealed with the glass spacer 196 
and the sealing resin coat 197, 198. The reference plane 
192 corresponds to the upper surface of the protective 
sheet 193. This stimulable phosphor sheet is exposed to 
X-rays on the side of the substrate 195, and the stimula- 
tion is performed through the upper protective sheet 193. 

The surface irregularities of the deposited phosphor 
film were within ± 20 |um, based on a plane parallel to 
the reference plane. 

[Example 3] 

1) A stimulable phosphor (CsBrrEu) was deposited 
on a glass plate (430 mm x 450 mm, thickness: 8 mm) by an 
electron beam deposition method, to produce a stimulable 



phosphor sheet composed of the glass plate and a stimul- 
able phosphor layer (410 mm x 430 mm, thickness: approx . 
500 jam) in which prismatic phosphor crystals extending 
almost vertically from the glass plate were densely 
aligned . 

2) A transparent moisture-proof film (thickness: 
60 |om, GL-Au, available from Toppan Printing Co., Ltd.) 
was placed on the phosphor layer and the glass plate to 
adhere to the glass plate via adhesive, to form a protec- 
tive layer, as illustrated in Fig. 16. 

In Fig. 16, the stimulable phosphor sheet is com- 
posed of a protective layer 203, a deposited stimulable 
phosphor layer 201, and a glass plate (rigid plate) 204. 

The reference plane 202 corresponds to the exposed sur- 
face of the glass plate 204. This stimulable phosphor 
sheet is exposed to X-rays on the side of the upper pro- 
tective layer 203, and the stimulation is also performed 
through the upper protective layer 203. 

The surface irregularities of the deposited phosphor 
film were within ± 50 ^m, based on a plane parallel to 
the reference plane. 

[Example 4] 

1) A stimulable phosphor (CsBr:Eu) was deposited 
on a glass plate (rigid plate, 430 mm x 450 mm, thick- 
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ness: 8 mm) by an electron beam deposition method, to 
produce a stimulable phosphor sheet composed of the glass 
plate and a stimulable phosphor layer (410 mm x 430 mm, 
thickness: approx. 500 jam) in which prismatic phosphor 
crystals extending almost vertically from the glass plate 
were densely aligned. 

2) Separately, a glass spacer (thickness: 500 jam) 
was formed on a circumferential area of a glass sheet 
(protective sheet, 430 mm x 450 mm, thickness: 0.7 mm) 
using a sealing adhesive resin (main component: acrylic 
resin) . 

3) On the glass spacer was placed via adhesive the 
stimulable phosphor sheet under the conditions that the 
phosphor layer was enclosed with the spacer and the glass 
sheet and the phosphor layer did not become in contact 
with the glass sheet to produce an optically discontinu- 
ous space between the phosphor layer and the glass sheet, 
as illustrated in Fig. 17. 

In Fig. 17, the stimulable phosphor sheet is com- 
posed of a protective sheet 213, an optically discontinu- 
ous space 214, a deposited stimulable phosphor layer 211, 
and a rigid substrate 215. The circumferential portions 
of the phosphor layer 211 were sealed with the glass 
spacer 216 and the sealing resin coat 217 218. The ref- 
erence plane 212 corresponds to the upper surface of the 
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protective sheet 213. This stimulable phosphor sheet is 
exposed to X-rays on the side of the substrate 213, and 
the stimulation is also performed through the upper pro- 
tective sheet 213. 

The surface irregularities of the deposited phospho 
film were within ± 50 ^m, based on a plane parallel to 
the reference plane. 



